Abstract Open precipitation and throughfall was collected at a Norway spruce stand in Finland using funnel-type collectors and at a black spruce stand in Canada using trough-type collectors. The presence or absence of a rim on the funnel, funnel diameter (9, 14 and 20 cm) and length of sampling period (1, 2 and 4 weeks) on monthly values were evaluated at the Norway spruce stand, and the number of collectors required for defined levels of accuracy and precision of throughfall loads to be reached and the influence of the spatial arrangement of collectors on solute concentrations was studied at both stands. tion, this was due to increased catch efficiency while for throughfall the increase was attributed to canopy interaction and leaching of litter trapped in the collectors. Calculated monthly H + loads decreased and those for all other constituents increased with collection period length. Using 15 collectors at the Norway spruce stand would allow throughfall loads to be determined to within 20% of the true mean weekly value with a confidence level of 95% for most solutes, but not for NH 4 + -N, NO 3 − -N, Mg 2+ and SO 4 2− -S. Using 15 trough collectors, the same confidence level at the more heterogeneous black spruce stand would only be achieved for H + , Cl − , DOC and SO 4 2− -S loads. In both stands, non-plantation stands, using either random or systematic placements of throughfall collectors gave similar results.
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Introduction
In nutrient cycling studies and research investigating the effects of atmospheric pollution on forest ecosystems it is necessary to measure the deposition of substances to the ecosystem from the atmosphere. This deposition occurs commensurately with rainfall and/or snowfall (termed wet deposition), and by the sedimentation of suspended particles between rainfall events (termed dry deposition). In areas affected by fog, occult deposition is also important. Deposition collectors left permanently open collect both wet and dry deposition. Besides the sedimentation of suspended particles to open ground and forest, the forest canopy, particularly those of coniferous forests, is effective in filtering and trapping additional fine particles and aerosols from the air (e.g. Parker, 1983; Hyvärinen, 1990) . The washoff of these trapped particles greatly adds to the total deposition of substances to the forest ecosystem.
Precipitation passing through the canopy is known to be modified such that both the quality and quantity of precipitation reaching the forest floor (throughfall) differs widely from that of precipitation collected in open areas. Because of interception and subsequent evaporation, throughfall quantities are usually 60-90% of precipitation collected in the open (Parker, 1983; Kimmins, 2004) . Typically for boreal forests, which are often nitrogen (N) limited, the concentrations of nitrate (NO 3 − ) and ammonium (NH 4 + ) in throughfall are less than that in open precipitation as a result of uptake by the foliage or by resident micro-flora (e.g. Hyvärinen, 1990; Piirainen et al., 1998; Ukonmaanaho and Starr, 2002; Morris et al., 2003 115% and 190%, respectively (Morris et al., 2003) . The leaching of base cations from within foliage tissue alone can account for 10-80% of the total return of base cations to the forest floor (e.g. Tukey, 1970; Cole and Rapp, 1981) . By comparing the loads of conservative elements, e.g. sodium (Na + ), in open precipitation and throughfall, it is possible to estimate the atmospheric total deposition component of throughfall (Bredemeier, 1988) .
The degree of interaction between wet and dry deposition and the canopy varies not only among elements but also with stand composition and structure and the characteristics of precipitation (quality, duration and intensity), all of which exhibit high spatial and temporal variability. In order to provide a satisfactory estimate of the flux of elements to the forest floor, this variability should be considered when designing throughfall collection. Factors affecting precipitation and deposition catch efficiency include: height of the collector above the ground and below the canopy, area of the collector orifice, surface area of collector exposed to the air in the case of funnel-type collectors, area of the opening from which evaporation of the entrapped sample may take place, and the shape and degree of shielding of the collector (Mahendrappa and Kingston, 1982; Kostelnik et al., 1989; Puckett, 1991; Førland et al., 1996; Thimonier, 1998; Dingman, 2002) . For accurate and precise areal estimates of deposition loads, the number and spatial arrangement of collectors and the collection period are also important considerations.
Ideally, throughfall collectors should be made of inert material, designed such that the collector is not affected by wind and splashing, and the precipitation collected is not subject to evaporation losses (Reynolds and Neal, 1991; Førland et al., 1996) if left in the collector for extended periods of time. Throughfall collectors in most studies are bulk collectors, i.e. permanently open collectors that collect both wet and dry deposition. Peripheral shielding and the shape and size of the throughfall collector have a strong influence on the amount of dry and wet deposition collected. Trough collectors are considered to collect more representative samples than funnel collectors, as troughs integrate over a larger range of canopy conditions and structure (e.g. Kostelnik et al., 1989; Draaijers et al., 1996) . For both types of collectors, there are several sources of error that can affect the precision and accuracy of collector volumes and solute concentrations (Reynolds and Neal, 1991) .
Wind is the main source of error in precipitation measurements (Førland et al., 1996; Dingman, 2002) , and peripheral shielding of the collector can be used to reduce this error. However, wind speed is usually less in forests compared to open areas and windshields are not commonly used. Nevertheless, the presence of a rim around the edge of the funnel effectively acts as a windshield, enabling drops and particles that would otherwise blow over the orifice to be collected while at the same time reducing splash-out losses. Evaporation loss after collection is another important source of error affecting both the quantity and quality of throughfall and open precipitation (Førland et al., 1996) . Such losses can be reduced by using small openings connecting the funnel and the sample collector and by using
